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Modeling for Nuclear Security

v’ evaluation of spectrometric equipment

» mostly Nal

- Detector Testing

- Analysis Support

v’ support of gamma spectrum analysis for reach
- Nucleonica GSG

back schemes (eg. MEST or triage)

- First Modeling

» often HPGe
- Upcoming Work

- Wishilst v’ evaluation of new gamma detectors

> eg. LaBr-3
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Evaluation of Equipment

problem: difficult to access/ short half life test source
- Nuclear Security

v"nuclear material (mass, matrix, shape)
- Analysis Support v' short living medical isotopes

- Nucleonica GSG v" large volume NORM sources (eg. truck load of fertilizer)

- First Modelin i ) ) - )
- v"industrial sources (eg. in shielding container)

- Upcoming Work
v'orphan sources in scrap ->example from Uzbekistan

- Wishlist
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- Nuclear Security

Analysis Support

Nucleonica GSG

First Modeling

Upcoming Work

Wishlist

R
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Orphan Source in Scrap

V\\

PR .o

main source Cs-137 suspected

spurious indications of other
isotopes

identify - C:\Documents and Settings\gleb\PaGouni cTon\DATANSr10m.spe

file analysis settings language help

[<<<| < | > >3 3] ><n <> | peak search

Side of road 10m " cursor info

1 ruclide list

LT = 601 RT = 1069 calibrated
1 peak report
E=1.393292 " n - £8.33433 - 3.971452E-05 -

&+ ruclide repart
PwHM: 994 at 122/ 994 ket at 1333 ket

library: C:%Program Files\DEMTIFYsstandard. it
C:ADocuments and SettingshglebhPagouni cron\DAT Al Om.spe

Pu240, 5.68E04 +/- 2 BED4Ba/m?, 1/3 peaks [ 124) wery uncertain 1),3).4]
Pu242 5 ED4 +/- 23E04Bg/m?, 1/6 peaks [ 124] very uncertain 1.3].4]
Am241, 1 95E 04 +/- 8 IEN3R/m?, 17 peaks [ 124] very uncertain 1).3].4)

Pb 3, 1/9 peaks [ 115] very uncerain 11.2).3.4]

Th231, 5.12E00 +/- 2 2E01Bq/m?, 1415 peaks [ 115] very uncertain 1).2).31.4)
U0 238, 1.24E02 +/- 5.3E01Bg/m?, 1/15 peaks [ 115) very uncertain 1).3).415)
Pu241, 7.34E05 +/- 2.3E05Bq/m?, 2716 peaks [ 115, 124] very uncertain 11.3).415)
1] Responsible peak is assigned to more than one nuclide.

Ty langer measurement time to eventually find more peaks.

2] Responsible peak fitz bad to library energy. T to

recalibrate and repeat measurement.

3] Responsible peak has very low statistics. Try longer

measurement time to confim,

4] Responsible peak is part of a multiplet, Try longer

measurement lime to eventualy find more paaks

5] Anather significant peak is expected lo be found. Try

longer measwement time to eventually find more peaks,

=

=

no peaks, except K-40  ze=
at 1460 and Th-232
daughter at 2614 keV

pictures from V.D.Petrenko
(Uzbekistan)

0[-68.34 keW)

(T

2048 [ 261855 ke)

4096 [ 497220 keV)
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- Nuclear Security

- Analysis Support

- Nucleonica GSG

- First Modeling

- Upcoming Work

- Wishlist

Evaluation of Equipment

problem: difficult to access/ short half life test source

v

v

Gamma Spectrum Generator for Nuclear Security

nuclear material (mass, matrix, shape)

short living medical isotopes

large volume NORM sources (eg. truck load of fertilizer)
industrial sources (eg. in shielding container)

orphan sources in scrap

masked isotopes (eg. medical + threat)




- Nuclear Security

- Analysis Support

- Nucleonica GSG

- First Modeling

- Upcoming Work

1-131 masking Pluteonium

strong I-131 peak at 364 keV

(
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Evaluation of Equipment

problem: difficult to access/ short half life test source

- Nuclear Security ) )
nuclear material (mass, matrix, shape)

short living medical isotopes
- Analysis Support large volume NORM sources (eg. truck load of fertilizer)
- Nucleonica GSG

industrial sources (eg. in shielding container)

orphan sources in scrap

- First Modeling

D N N N N

, masked isotopes (eg. NORM or medical + threat)
- Upcoming Work

P WWishlist suggested solution: modeling with GSG as alternative

to spectrum measurements
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Analysis Support for Reachback

modeling needed for

- Nuclear Security v’ identifying isotopes not on the list of RIDs

- Detector Testing v’ activity assessment (unknown source in unknown

geometry in the field)

, v' interpretation of unclear cases -> full spectrum analysis
- Nucleonica GSG

B 511

B g5NB
a
B 12458
B 95/R

W 1arcs spectrum consistent

- First Modeling

- Upcoming Work

with solution in full

- Wishlist shape, not only peaks
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- Nuclear Security

- Detector Testing

- Analysis Support

- First Modeling

- Upcoming Work

- Wishlist

Why Nucleonica GSG?

v’ easy to use

g

v free nucleomca".'

v’ fast

v’ expected further development
v' problematic backscatter peak region adjustable

v support for our specific needs
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First Steps of Moedeling

check modeling with calibration sources (Nal detectors)

 Nuclear Security compare modeled and measured spectra
v'  shape
- Detector Testing v’ backscattering peak

- Analysis Support v/ activity matching

- Nucleonica GSG used detectors:

(a]

Identifinder Ultra (36 x 51 mm)

- Upcoming Work

- Wishlist

B Atomtex Backpack (63 x 63 mm)
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Nucleonica Contiguration

Dimensionsin mm  + Identifinder
Filter
c 3
- Nuclear Security Nal
Source )
356
- Detector Testing i Crystal
diameter
- Analysis Support y
- Nucleonica GSG
100 50.8
Source to Detector distance ) Crystal length - Show more settings

- Upcoming Work Filter: Aluminum v 10 |::> Add filter layer | Remove filter Iay r;rl

Input window: Aluminum v 05 No. Layer material Thickness

L e ; 5 0

- Wishlist Crystal packaging: Foam Plastic 0.0

Inactive layer / Reflector:  Magnesium oxide ~ 0.5

Number of channels in the spectrum accumulated: 1024 ~

Channel-to-energy conversion factor, keV/channel: 3

Energy resolution (FWHM) in keV at 122 keV: 148  measured resolution

Energy resolution (FWHM) in keV at 1332 keV:  67.3 from Eu152 and Co60




Co-60 with ldentifinder

- Nuclear Security " ’ H. 1173 keV [

18
!
- Detector Testing 16 W
15--? | + ‘I‘
- Analysis Support 14 W
| \ 1332,5keV |

>
%13
512 =4
- Nucleonica GSG £ s
*§1o
d ? 14 542 Bq from certificate
8
- Upcoming Work f 'I
6
5 )
- Wishlist ;
> for all: red-measured green-modeled
2 -
3 Il L TR
. e e
200 400 500 300 1.000 1.200 1.400 1.600 1.8

Energy in keV



- Nuclear Security

- Detector Testing

- Analysis Support

- Nucleonica GSG

- Upcoming Work

- Wishlist

muuul.]

Cs-137 with ldentiiinder

Square root of counts per ke

661,6 keV

222 586 Bq from certificate
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Q Eu-152 witth 63163 Nal

- Nuclear Security

- Detector Testing

. 106 321 Bq from certificate
- Analysis Support

- Nucleonica GSG

- Upcoming Work

1.500
Energy in keV




Upcoming Work

spectra of not-easy-to-access isotopes
- Nuclear Security

v" nuclear materials of different grades
- Detector Testing

v" NORM decay chains in equilibrium
- Analysis Support

v'  extended sources in matrices (easy montecarlo)
- Nucleonica GSG

v' absorbers, containers, shielding
- First Modeling

v" masked (mixed) isotopes

v" model HPGe detector spectra -> first example

- Wishlist
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- Nuclear Security

- Detector Testing

- Analysis Support

- Nucleonica GSG

- First Modeling

- Wishlist
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Co=-60 with Ortec Trans-Spec

Square root of counts per ke

5638 %8 8§

MEE&ESENR

1173 keV
1332,5 keV
unknown activity
2K
| 1
|
200 400 500 200 1.000 1 .2'00 1.4

Energy in keV



Upcoming Work

spectra of not-easy-to-access isotopes
- Nuclear Security

v" nuclear materials of different grades
- Detector Testing

v" NORM decay chains in equilibrium
- Analysis Support
v' extended source matrices (easy montecarlo)
- Nucleonica GSG
v' absorbers, containers, shielding
- First Modeling
v" masked (mixed) isotopes
v model HPGe detector spectra
- Wishlist
v" medicals (in vitro and in vivo) -> first examples
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=131 with ldentifinder

42
40 364,5 keV
- Nuclear Security %
36
4N
- Detector Testing \
32 - ﬂ.
= \
Analysis Support z: 1\ ) [(\ 637 keV
. T T |
- Nucleonica GSG [ Y )
W

- First Modeling

Square root of counts per ke'
M
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i
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=
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- Wishlist \ unknown activity,
l
A

source matrix and geometry ——
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200 400 600 200 1.000 1.200 1.400 1.600 1.8
Energy in keV




- Nuclear Security

- Detector Testing

- Analysis Support

- Nucleonica GSG

- First Modeling

- Wishlist

1e=99

m i vive with ledentifinder

120
115
110
10S
100

140,5 keV

problematic backscattering -> matrix of source




Requirements > Wishlist

matrix of a sample — easy montecarlo

- Nuclear Security . ] ]
pre-determined samples, mixtures and geometries

B EE T TSI decay chains of major naturals in equilibrium

- Analysis Support extended detector environment

- Nucleonica GSG detector materials: LaBr-3 and LaCl-3, different HPGe types

_ First Modeling spectra database of sources, geometries & detectors

<X X X X X

file handling (plotting of two spectra to compare, integration

- Upcoming Work

of file converter — eg. Cambio )

v' automation (parameter variation for activity matching)

'i__ v’ option: dose rate on detector
\ ]
T - '
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- Nuclear Security

- Detector Testing

- Analysis Support

- Nucleonica GSG

- First Modeling

- Upcoming Work

- Wishlist

Thanks tor your Attention!

Abbreviations used:

MEST Mobile Expert Support Team

NORM Naturally Occurring Radioactive Material
Nal Sodium lodide

LaBr-3 Lanthanium Bromide

HPGe High Purity Germanium
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